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Description 



[0001] This invention relates to a catadioptric optical system according to the features of the preamble of claim 1 . 
[0002] Such a catadioptric system is known from EP-A-736 789 and comprises a first focusing lens system (A) 

5 including a concave mirror (M 1t MJ, for forming an intermediate image of a first plane (R); a second focusing lens 
system (B) including an aperture stop (AS, S) consisting of a diaphragm with the radius 0, for forming a refocused 
image of said intermediate image onto a second plane (W); a reflecting surface (M 2 , M 3 ; M P1 , M P2 ) for guiding a light 
flux from the first focusing lens system (A) to the second focusing lens system (B). The catadioptric system can be 
used for a reducible exposure apparatus, such as a stepper, used for manufacturing semiconductor devices, and more 

10 particularly, to a scanning type catadioptric reducible optical system having a magnification of 1 /4 to 1 /5 and a resolution 
of unit of sub-micron in the ultraviolet frequency band. 

[0003] In recent years, semiconductor circuit patterns have become more and more minute, and a demand has arisen 
for a high-resolution exposure apparatus that is capable of printing such minute patterns. 

[0004] In order to realize a high-resolution exposure apparatus, the wavelength of the light source must be shortened 
is and, at the same time, the numerical aperture (NA) of the optical system must be increased. However, if the wavelength 
is shortened, the types of optical glass that can be practically used in the exposure apparatus are very limited because 
of light absorption. In fact with a wavelength of 300 nm or less, only synthetic quartz and fluorite can be practically used. 
[0005] Unfortunately, however, the Abbe constants of the synthetic quartz and fluorite are too close to each other to 
sufficiently compensate for the chromatic aberration in the system. For this reason, if the wavelength of the light source 
20 is shortened to 300 nm or less, it becomes difficult for the projection-optical system that comprises only a refracting 
optical system to satisfactorily correct the chromatic aberration. In addition, the refractivity of fluorite easily changes 
in response to a temperature change because of its inferior temperature characteristic. Fluorite also has several prob- 
lems in the lens grinding process. Thus, it is not easy to achieve a high-resolution exposure apparatus only with a 
refracting optical system. 

25 [0006] On the other hand, many attempts have been made to design the projection-optical system using only a 
reflecting optical system. In this case, the projection-optical system becomes large in size, and the reflecting surfaces 
must be made aspheric. It is difficult to form an aspheric surface at a high precision. 

[0007] In view of these drawbacks, it was proposed to combine a reflecting system and a refracting system made of 
an optical glass durable to the designated wavelength. Also, many techniques for constructing a reducible projection- 
30 optical system using a reflecting/refracting, or catadioptric, optical system have been proposed. Among them, many 
systems form two or more intermediate images in their optical system. Meanwhile, techniques for forming only one 
intermediate image in the optical system are disclosed in Japanese Patent Publication No. 5-25170, the Japanese 
Patent Application Laid-open Nos. 63-163319 and 4-234722, and USPN 4,779,966. 

[0008] In particular, Japanese Patent Application Laid-open No. 4-234722 and USPN 4,779,966 disclose optical 
35 systems that use only one concave mirror. The concave mirror is used in the double path lens system which comprises 
only concave lenses, without using convex power lenses. In this structure, the light flux is apt to diverge when it strikes 
the concave mirror and, therefore, the diameter of the concave mirror inevitably increases. 

[0009] The double path lens system disclosed in Japanese Application 4-234722 is perfectly symmetric for the pur- 
pose of preventing aberrations as much as possible in this lens system, and of reducing the burden of aberration 
40 correction on the subsequent optical system. However, it is difficult for the symmetric optical system to obtain an ad- 
equate working distance near the first plane and, therefore, a half prism must be used. 

[0010] The optical system disclosed in USPN 4,779,966 uses a mirror in the secondary focusing optical system 
positioned behind the intermediate image. In this arrangement, the light flux can not be narrowed because adequate 
brightness must be required for the optical system, and the divergent light flux strikes the concave mirror surface. For 
45 this reason, it is difficult to make the mirror smaller. 

[001 1] If a plurality of mirrors is used, the number of lenses in the refracting optical system can be reduced. However, 
this type of system has other potential problems. 

[0012] One problem is that if this type of catadioptric optical system is used as an objective lens, there is no effective 
diaphragm position in this catadioptric optical system. That is, recent phase-shift techniques allow the phase of a 

so selected area on the mask to be shifted in order to improve the resolution, while achieving a sufficient amount of focal 
depth. For further improvement of the resolution, the NA ratio o of the illumination-optical system to the focusing-optical 
system is made variable by providing aperture stops in both systems. However, in the above-mentioned multiple-mirror 
system, an aperture stop can be positioned only in the illumination-optical system, and there is no place for a diaphragm 
in the catadioptric optical system which serves as the objective lens of the apparatus. 

55 [0013] If a multiple-mirror type double path lens system is positioned near the second plane on the reduction side 
(i.e., on the wafer side) in the catadioptric optical system, the distance from the reflecting mirror to the wafer becomes 
insufficient because of the magnification of less than 1. To avoid this, the number of lenses used in the objective lens 
must be reduced, which causes the optical system to darken. Even if a high NA is achieved, many lens components 



2 



EP 0 869 383 B1 




must be inserted in a limited path and, as a result, the working distance (WD) between the last lens surface of the 
objective lens and the wafer becomes insufficient. 

[0014] Another problem in the conventional catadioptric optical system is that the optical axis must be decentered 
in the middle of the optical path using a decentering lens system, and that precise adjustment of the degree of de- 
centering is very difficult. 

[0015] The assignee of the present invention proposed a double-focusing; optical system with first and second fo- 
cusing lens systems in a different publication. In this system, the first focusing lens system has a double path lens 
system comprising a concave mirror and a lens group through which both the incident light to and exit light from the 
concave mirror pass. The first focusing lens system forms an intermediate image of the first plane (the mask plane), 
and the second focusing lens system forms that intermediate image on the second plane. A reflecting surface is pro- 
vided so as to guide the light flux from the first focusing lens system onto the second focusing lens system. 
[0016] This double-focusing optical system can reduce the diameter of the concave mirror, and has a variable NA 
ratio a of the illumination-optical system to the projection-optical system with effective diaphragm positions in both 
systems. The entire optical system is adequately bright, while the working distance (WD) between the wafer and the 
end face of the object lens is sufficiently long. In addition, the adjustment of the decentering part in the decentering 
lens system is simplified, and a highly precise optical system is achieved. 

[0017] Notwithstanding the advantages, this optical system is likely to become large if still higher image quality is 
demanded. This optical system does not have a symmetric structure and, accordingly, distortion is likely to arise. 
Especially, higher order distortion can not be corrected only by adjusting the curvature of the refractive lens or the lens 
space, and the entire system must be enlarged in order to satisfactorily compensate for the distortion. 
[0018] Therefore, it is an object of this invention to provide a compact catadioptric optical system which can reduce 
the number of lenses used in the lens system, while keeping a high image quality. 

[0019] In order to achieve the object, the catadioptric optical system according to the present invention comprises 
a first focusing lens system A, a second focusing lens system B, and a reflecting surface for guiding the light flux from 
the first focusing lens system to the second focusing lens system. The first focusing lens system A includes a concave 
mirror Mc, and it forms an intermediate image C of the first plane. The second focusing lens system B includes an 
aperture stop AS, and it forms a refocused image of the intermediate image onto the second plane W. As a feature, 
this catadioptric optical system includes one or more lens surfaces that satisfy the following condition: 



where h is the height at each lens surface of the light beam that is assumed to be emitted from the intersection 
of the optical axis and the first plane and passes through the lens surfaces with the maximum numerical aperture, and 
4> is the radius of the diaphragm of the aperture stop. The catadioptric optical system also includes one or more lens 
surfaces that satisfy the condition 



[0020] Among these lens surfaces, at least one of the lens surfaces that satisfy condition (1 ) and at least one of the 
lens surfaces that satisfy condition (2) are aspheric. 

[0021] Thus, at least two aspheric surfaces are provided at appropriate positions, which allows the number of lenses 
to be decreased, while keeping a high image quality. The entire optical system can also be made compact. 
[0022] The reflecting surface separates the advancing light flux toward the concave mirror in the forward path from 
the return light flux from the concave mirror in the return path. Because of this separation of the forward and return 
light fluxes, the light beam must pass through the object plane and the image plane at a certain height from the optical 
axis, and the area defined by such a light beam having a certain height is the actually used area. The area where the 
image height and the object height is zero is not used in practice. The wording "the light beam that is assumed to be 
emitted from the intersection of the optical axis and the first plane" implies that such a light beam is not actually used 
in this optical system. 

[0023] In general, an aspheric surface exhibits a single effect in an optical system depending on its shape, and the 
position where the aspheric surface is placed in that optical system is very important. 

[0024] Because of its single effect characteristic, one aspheric surface is very effectively used to correcting one type 
of aberration, but it is not so useful to correct some other aberrations at the same time. If the use or the position of the 
aspheric surface is wrong, the effect is extremely reduced, or the aspheric surface itself may become an obstacle. 
[0025] In general, a spherical surface is positioned near the object plane or an image plane in order to correct the 
distortion, which is the major off-axis aberration, without affecting other aberrations, such as spherical aberration and 
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coma. This can be achieved by other than the single effect characteristic of the aspheric surface, because of the fact 
that the light flux is converging near the object plane and the image plane and, therefore, the spherical aberration and 
the coma are rarely affected by this specific aspheric surface placed near these planes. However, the astigmatism is 
partially affected by the aspheric surface because it is associated with deviation from the image plane. 
s [0026] It is difficult for an ordinary optical system to place an aspheric surface having a function of correcting the off- 
axis aberration very close to the object plane or the image plane. Accordingly, such an aspheric surface is carefully 
placed as close to the object or image plane as possible, and far from the aperture stop. 

[0027] In contrast, in the present invention, an intermediate image of the object plane is formed, and an aspheric 
surface for correcting the off-axis aberration is simply placed on or near this intermediate image. In this arrangement, 

10 the aspheric surface can exhibit its maximum effect. 

[0028] Condition (1 ) defines the optimum position of the aspheric surface for correcting the off-axis aberration. Above 
the upper limit of this range, the relation between the beam heights at the object plane and the aspheric surface becomes 
weak and, consequently, it becomes difficult to correct only the off-axis aberration satisfactorily. 
[0029] In order to correct the spherical aberration, which is the major on-axis aberration, another aspheric surface 

15 having a shape suitable to correcting the spherical aberration is placed near the aperture stop. Again, because of the 
single effect characteristic, the spherical aberration is efficiently corrected without affecting astigmatism and distortion. 
The fact that the principal ray of the light flux passes through the aperture stop on or near the optical axis can also 
prevent the astigmatism and the distortion from being affected by the aspheric surface placed near the aperture stop. 
However, the coma is partially affected by this aspheric surface because it is associated with the size of the lens 

20 aperture. 

[0030] In the present invention, as shown in Fig. 2, a first aspheric element P is positioned near the intermediate 
image C, and a second aspheric element Q is positioned near the concave mirror M1 , or the aperture stop S. The 
aperture stop is positioned in the second focusing lens system, and the aspheric surface having a function of correcting 
the on-axis aberration can be placed near the aperture stop, exhibiting its maximum effect. Or alternatively, the concave 

25 mirror M1 may be made aspheric so as to serve as the second aspheric element Q. 

[0031] The aspheric surface for correcting the on-axis aberration may be placed near the concave mirror of the first 
focusing lens system. This arrangement can also achieve the same effect. Accordingly, if it is not desirable to place 
the aspheric surface near the aperture stop because of the mechanical limitation of the aperture stop depending on 
the system, then the aspheric surface is placed near the concave mirror, instead of placing it near the aperture stop. 

30 in this case, it should be noted that the light flux passes through this aspheric surface twice along its forward and return 
paths and, therefore, the change in the shape of the aspheric surface affects the light flux double. 
[0032] Condition (2) defines the optimum position of the aspheric surface having an ability of correcting the on-axis 
aberration. Below the lower limit of the range, the relation between the angle of the light beam (i.e., the numerical 
aperture) that exits the object and the beam height at the aspheric surface becomes weak, and it becomes difficult to 

35 correct only the on-axis aberration satisfactorily. Above the upper limit, the lens diameter becomes too large, which 
contradicts the object of the invention. 

[0033] Because, in the present invention, at least two aspheric surfaces having appropriate shapes are placed in at 
least two places suitable to the respective purposes, the distortion, which is the major off-axis aberration, and the 
spherical aberration, which is the major on-axis aberration, can be corrected at the same time. 

40 [0034] These aspheric surfaces can correct only the target aberrations without adversely affecting other aberrations, 
unlike the conventional aspheric focusing lens system. This results in reduced number of lens components, and a 
compact optical system can be achieved. Thus, the minimum number of aspheric surfaces achieve the maximum effect. 
[0035] Additional aspheric surfaces having different shapes may be inserted in the optical system for the purpose 
of correcting remaining aberrations, such as the coma and the astigmatism. Since the major on-axis and off-axis ab- 

45 errations have been corrected in this case, other aberrations can be corrected easily. By adding aspheric surfaces, 
the total number of lenses can be reduced. 

[0036] The aspheric surface for correcting the off-axis aberration and the aspheric surface for correcting the on-axis 
aberration may be independent aspheric lenses or aspheric concave mirror, or alternatively, they may be formed on 
the end face or the reflecting surface of a prism, the reflecting surface of a plane mirror, or the surface of a plane- 
so parallel plate. 

[0037] The shape of the aspheric surface may be symmetric about the rotational axis, or toric, or completely asym- 
metric. 

[0038] The above and other objects, features, and advantages of the invention will be apparent from the detailed 
description which follows by way of exemplary embodiments of the invention with reference to the attached drawings, 
55 which are here described: 

Fig. 1 shows the structure of the catadioptric optical system according to the invention; 
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Fig. 2 shows the structure of the catadioptric optical system having two aspheric elements according to the 
invention ; 

Fig. 3 is a ray diagram of the catadioptric optical system according to the first embodiment of the invention; 

5 

Fig. 4 shows the transverse aberration arising in the first embodiment; 
Fig. 5 shows the astigmatic field curvature and the distortion in the first embodiment; 
10 Fig. 6 is a ray diagram of the catadioptric optical system according to the second embodiment of the invention; 

Fig. 7 shows the transverse aberration arising in the second embodiment; and 
Fig. 8 shows the astigmatic field curvature and the distortion in the second embodiment. 

15 

Fig. 9 shows the lens arrangement according to the third embodiment of the invention; 
Fig. 10 shows the spherical aberration, the astigmatism, and the distortion in the third embodiment; 
20 Fig. 11 shows the transverse aberration in the third embodiment; 

Fig. 12 shows the lens arrangement according to the fourth embodiment of the invention; 

Fig. 13 shows the spherical aberration, the astigmatism, and the distortion in the fourth embodiment; 

25 

Fig. 14 shows the transverse aberration in the fourth embodiment; 

Fig. 15 shows the lens arrangement according to the fifth embodiment of the invention; 

30 Fig. 16 shows the spherical aberration, the astigmatism, and the distortion in the fifth embodiment; and 

Fig. 17 shows the transverse aberration in the fifth embodiment. 

[0039] The preferred embodiments of the invention will now be described in detail with reference to the attached 
35 drawings. 

[0040] Fig. 1 shows the structure of the catadioptric optical system of the present invention. In this embodiment, the 
present invention is applied to a reducible projection-optical system for transferring the circuit pattern on the reticle R 
(as the first plane) onto the semiconductor wafer W (as the second plane) at a magnification of less than 1 . This 
projection-optical system comprises a first focusing lens system A, which is used to form an intermediate image of the 

40 circuit pattern formed on the reticle R, and a second focusing lens system B for forming a refocused image of the 
intermediate image on the wafer W. The first focusing lens system A has a concave mirror Mc, and the second focusing 
lens system B has an aperture stop AS. A first reflecting surface M P1 is placed near the intermediate image. This 
reflecting surface M P1 bends the optical axis Z by 90 degrees, thereby guiding the light flux from the first focusing lens 
system A to the second focusing lens system B. A second reflecting surface M P2 is placed between the first reflecting 

45 surface M P1 and the aperture stop AS. The second reflecting surface M P2 further bends the optical axis Z by 90 degrees 
so that the optical axis Z on the reticle R and the optical axis Z on the wafer W becomes parallel to each other. The 
second reflecting surface M P2 may be omitted optionally. 

[0041] In this projection-optical system, the light flux is separated into two parts by the first reflecting surface M P1 , 
namely, the flux entering the concave mirror Mc, and the flux leaving the concave mirror Mc. Because of this arrange- 

so ment, the sub-areas on the reticle R and the wafer W that contain the optical axis Z are not used for the pattern transfer. 
In other words, the slit-like sub-areas on the reticle R that do not contain the optical axis Z are used as the illumination 
areas Ro, and the slit-like sub-areas on the wafer W that do not contain the optical axis Z are used as the exposure 
area Wo. By scanning the slit-like sub-areas Ro and Wo in the direction "w" along the width of the slit, the reticle pattern 
contained in that slit-like area is transferred onto the wafer. Although, in Fig. 1 , the sub-area is a slit-like rectangle with 

55 a width "w" and a length "d", the shape of the sub-area is not limited to this example, and any shapes that are formed 
by translating an arbitrary line or curve (e.g., an arc) in the scanning direction by "w" can be used. 
[0042] Fig. 2 shows the structure of the catadioptric optical system having two aspheric surfaces. The present in- 
vention employs a so-called twice-focusing lens system, in which an intermediate image C is formed during projecting 
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the pattern image of the first plane R onto the second plane W. The twice-focusing system using a concave mirror 
allows the Petzval sum and the chromatic aberration to be compensated effectively. For the further correction of ab- 
errations, aspheric surfaces are placed at specific positions. 

[0043] A second aspheric surface Q is placed near the aperture stop S, whereby the spherical aberration and the 

5 coma can be corrected without affecting the aberrations associated with the angle of view (e.g., distortion and astig- 
matism). This is because the principal ray of the light flux passes through the center of the diaphragm and, therefore, 
the principal ray is not affected by the shape of any aspheric surface. In contrast, since all the light fluxes that left the 
first plane R on or off the optical axis always pass through the entire region of the aperture stop S, these light fluxes 
are uniformly subjected to the refractive effect. 

10 [0044] Besides the position near the aperture stop S in the second focusing lens system B, the position near the 
concave mirror M1 in the first focusing lens system A is also used to correct the aberrations associated with the incident 
height, independent of other aberrations. When placing an aspheric element near the concave mirror M1 of the first 
focusing lens system A, a plane-parallel plate whose surface is ground into an aspheric surface, or an independent 
aspheric lens may be used. Alternatively, the concave mirror M1 itself may be made as an aspheric concave mirror. 

15 [0045] A first aspheric surface P is placed near the intermediate image C, whereby the distortion and the astigmatism 
can be corrected without affecting the aberrations associated with the incident height (e.g., spherical aberration and 
coma). This is because the light flux converges near the intermediate image C and, therefore, the peripheral fluxes 
that left the first plane R on or off the optical axis are not affected by the aspheric shape located near the intermediate 
image. In contrast, all of the principal rays are subjected to the refractive effect due to the aspheric surface. 

20 [0046] When placing the first aspheric element P near the intermediate image C, an independent aspheric lens may 
be used or, alternatively, the end surface of a prim or a plane-parallel plate may be ground into an aspheric surface. 
Furthermore, the reflecting surface of a light-flux splitting mirror or a prism positioned near the intermediate image C 
may be ground into the aspheric surface. 

[0047] Regular lenses, as well as plane-parallel plates, can be used as the aspheric elements in the present invention. 
25 The first aspheric element P may be a prism if a second reflecting surface M2 for deflecting the optical path is provided 
in the system. 

[0046] In order to make the entire twice-focusing optical system compact, it is preferable to provide the second 
reflecting surface M2 for deflecting the optical path on or near the intermediate image C. The second reflecting surface 
M2 is, for example, the reflecting surface of a mirror or a prism. 

30 [0049] In addition, it is preferable for the first focusing lens system A to comprise a one-way lens system A1 1 , along 
which the incident light strikes the concave mirror M1 , and a double path lens system A12, along which pass both the 
forward beam incidental to the concave mirror M1 and the return beam reflected from the concave mirror M1. This 
means that the first focusing lens system A is not used at a magnification of 1 , whereby the distortion and the coma 
arising in the second focusing lens system B are satisfactorily corrected. 

35 [0050] The one-way lens system A11 has a negative refractive power, so that the light flux incidental to the double 
path lens system A12 does not overlap with the light flux leaving the double path lens system A12. 
[0051] A third reflecting surface M3 is placed between the second reflecting surface M2 and the second focusing 
lens system B in order to deflect the optical path. Preferably, the first plane R and the second plane W are parallel to 
each other. By placing the third reflecting surface M3, the optical system is folded twice and, as a result, the entire 

40 system becomes compact. By arranging the first plane R and the second plane W in parallel, the optical axes of the 
optical elements that are positioned out of the range between the second and third reflecting surfaces M2 and M3 align 
in one direction. This arrangement can prevent asymmetric deformation of optical elements, whereby a highly precise 
optical system is achieved in the manufacturing process. In all the embodiments of the invention, there is no optical 
element existed between the second and third reflecting surfaces M2 and M3 and, accordingly, the optical axes of all 

45 of the optical elements align in one direction, whereby an optical system with a higher degree of precision is achieved. 
[0052] Preferably, the first aspheric surface P is rotationally symmetric, toric, or perfectly asymmetric, and the second 
aspheric surface Q is rotationally symmetric. 

[0053] The actual examples of the catadioptric optical system according to the invention will be shown below. 
[0054] Si0 2 used as the glass material has an index of refraction of 1 .50839 with respect to the light having a wave- 
50 length of 248 nm. Although, in the embodiments, only Si0 2 is used as the glass material, CaF 2 can also be used. 

[First Embodiment] 

[0055] Fig. 3 is a ray diagram of the catadioptric optical system according to the first embodiment, and Table 1 lists 
55 the lens data of this optical system. In Table 1 , the first column lists all the lens surfaces serially numbered, the second 
column is the radius of curvature of each lens surface, the third column is the distance to the next lens surface, and 
the fourth column indicates the glass material. Specific elements are denoted by the symbols used in this specification. 
[0056] The catadioptric optical system of this embodiments has a first focusing lens system A which consists of a 
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one-way lens system A11 comprising a refractive lens, and a double path lens system A12 comprising six lenses, a 
concave mirror M1 , and a plane-parallel plate (i.e., a first aspheric element P) having an aspheric surface. The light 
beam that left the first plane R passes through these element in this order. The light beam is then reflected by the light- 
flux splitting mirror, which serves as the second reflecting surface M2, and the bending mirror, which serves as the 

5 third reflecting surface M3. The beam further passes through the second focusing lens system B which comprises five 
lenses and a plane-parallel plate (i.e., a second aspheric element Q) having an aspheric surface and, finally, it reaches 
the wafer (i.e. , the second plane) W. An intermediate image C of the reticle R is formed near the light-flux splitting mirror. 
[0057] The magnification of this optical system is 1/4, the numerical aperture NA on the image side is 0.6, and the 
maximum object height is 52.8. This optical system has a rectangular aperture with an exposure size of 55X90, and 

10 the reticle pattern is exposed to the light beam, while the reticle is scanned with respect to the light beam. 
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TABLE 1 



10 



15 



20 



25 



30 



35 



40 



45 



No. 



10 

11 

12 
13 
14 
15 



0.00000 



1 -639.93122 

2 638.79323 

3 772.20352 

4 -534.73642 

5 285.29345 

6 -5948.04836 

7 501.06370 

8 -309.92623 

9 -251.33100 



168.56869 
321.57847 
-464.57044 
-161.47861 
765.45803 
-244.06677 



d glass material 



60.000 



10.935 Si0 2 



63.097 



30.000 Si0 2 



0.081 
30.000 
206.478 
30.000 

5.000 



SiO, 



SiO, 



R 



A All 



A12 



11.810 Si0 2 
117.942 

30.000 Si0 2 
115.331 

12.000 Si0 2 
20.000 

-20.000 reflecting surface Ml 



50 



55 



8 



10 



15 



20 



25 



30 



35 



40 



45 



50 



18 
19 
20 
21 



28 



28 



16 765.45803 



17 -161.47861 



-464.57044 
321.57847 
168.56869 

-251.33100 



22 -309.92623 

23 501.06370 

24 -5948.04836 

25 285.29345 

26 -534.73642 

27 772.20352 
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-12.000 Si0 2 



•115.331 



-30.000 
-117.942 
-11.811 
-5.000 



-206.478 
-30.000 

-0.081 
-30.000 

-0.100 



Aspheric Surface Data 



k: 1 



A: 0.6456522l0378e-8 



C:0.152056034342e-16 



0.00000 



-0.100 



SiO, 



SiO, 



-30.000 SiO, 



SiO, 



SiOj 



-7.000 Si0 2 



B: -0.254015221025e-13 



-0.1582005 16208e-20 



29 0.00000 267.300 reflecting surface M2 

30 0.00000 -346.376 reflecting surface M3 



55 
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31 -197.49176 -30.000 Si0 2 B 



32 17530.15232 



-67.213 



33 



0.00000 



-5.000 



34 



0.00000 



-7.000 Si0 2 



Aspheric Surface Data 



k: 1 



A: 0.131 3702 14487e-7 



B: 0.333 184500674e-12 



C: -0.2504356010l6e-17 



0.20950464532e-20 



35 



0.00000 



36 -147.90421 

37 -414.36719 

38 -91.80571 

39 -1272.5.6390 

40 -147.96775 

41 -63.01133 

42 -63.15395 

43 772.99694 
45 0.00000 



-0.100 

-25.000 Si0 2 
-69.235 

-35.000 SiO* 
-0.100 

-15.000 Si0 2 
-3.000 

-43.894 SiOj 
-15.000 



W 



[0058] As shown in Fig. 3, the effective diameters of the lenses used in the system are 1 70 or less, and the distance 
between the object and the image is 741 . These values are about 3/4 of those used in a conventional refractive and 
spherical-surface optical system under this specification. The number of lenses used in this optical system is kept 
equal or similar to that of the conventional system in spite of the fact that the effective diameter of the lens and the 
size'of the entire system are reduced. 

[0059] Fig. 4 shows the transverse aberration of the catadioptric optical system of the first embodiment, and Fig. 5 
shows the astigmatism and the distortion of the same optical system. As it is clear from these figures, spherical aber- 
ration, coma, astigmatism, and distortion are effectively corrected to the extent of almost no aberrations, while a ultra- 
violet excimer laser having a short wavelength of 248 nm is used. 
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[Second Embodiment] 



[0060] Fig. 6 is a ray diagram of the catadioptric optical system according to the second embodiment, and Table 2 
lists the lens data of this optical system. In Table 2, the first column lists all the lens surfaces serially numbered, the 
second column is the radius of curvature of each lens surface, the third column is the distance to the next lens surface, 
and the fourth column indicates the glass material. Specific elements are denoted by the symbols used in this speci- 
fication. 

[0061] The catadioptric optical system of this embodiments has a first focusing lens system A which consists of a 
one-way lens system A11 comprising a refractive lens, and a double path lens system A12 comprising eight lenses 
and a concave mirror M 1 . A light-flux splitting prism is positioned after the first focusing lens system A. The light beam 
that left the first plane R passes through the elements of the first focusing lens system A in the order listed above, and 
the light-flux splitting prism. The light beam further passes through the second focusing lens system B which comprises 
five lenses, an aperture stop S, and a plane-parallel plate (i.e., a second aspheric element Q) having an aspheric 
surface and, finally, it reaches the wafer (i.e., the second plane) W. The incident surface of the light-flux splitting prism 
is ground into an aspheric surface. This prism functions as the first aspheric element P and, at the same time, it has 
the second and third reflecting surfaces M2 and M3. 

[0062] The magnification of this optical system is 1/4, the numerical aperture NA on the image side is 0.6, and the 
maximum object height is 70.0. This optical system has a rectangular aperture with an exposure size of 24X120, and 
the reticle pattern is exposed to the light beam, while the reticle is scanned with respect to the light beam. 



TABLE 2 



25 



No. 



d glass material 



0.00000 



97.329 



30 



35 



40 



45 



50 



2 

3 
4 
5 
6 
7 
8 
9 
10 



-852.84892 
427.78583 
663.60250 

-351.03784 
257.40324 

2438.07789 
502.34945 

-262.00938 

-244.76524 
159.40009 



55 



11 953.44172 



10.935 
60.827 
40.000 
0.081 
34.550 
216.095 
40.000 
0.775 
11.810 
37.191 
20.000 



SiO, 



SiO, 



SiOj 



Si0 2 



Si0 2 



SiOj 



A All 



A12 
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12 -747.74093 23.298 

13 -127.21946 15.000 Si0 2 

14 -225.24650 1.495 

15 270.26506 40.000 Si0 2 

16 -212.42840 44.058 

17 -136.12200 12.000 SiOj 

18 300.22202 20.000 

19 -209.22265 -20.000 reflecting surface Ml 

20 300.22202 -12.000 Si0 2 

21 -136.12200 -44.058 

22 -212.42840 -40.000 Si0 2 

23 270.26506 -1.495 

24 -225.24650 -15.000 Si0 2 

25 -127.21946 -23.298 

26 -747.74094 -20.000 Si0 2 

27 953.44172 -37.191 

28 159.40009 -11.810 Si0 2 

29 -244.76524 -0.775 

30 -262.00938 -40.000 Si0 2 

31 502.34945 -216.095 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



32 2438.07789 



33 257.40324 



34 -351.03784 



35 663.60250 



36 



0.00000 



-34.550 SiO, 



-0.081 



-40.000 Si0 2 



-3.000 



3.000 Si0 2 



37 
38 
39 
40 



43 



44 



Aspheric Surface Data 



k: 1 



A: 0.887390809767e-8 



C: -0.19l633424206e-19 



B: 0.169993245617e-13 



-0.177186383906e-22 



0.00000 
0.00000 
0.00000 
■147.64203 



41 191842.56390 



42 0.00000 



267.300 reflecting surface M2 
-16.200 reflecting surface M3 
-290.000 

-30.000 SiO, 
-32.911 



0.00000 



0.00000 



-5.000 



-20.000 SiQ 2 



-27.384 



Aspheric Surface Data 



k: 1 



A: 0.66940 1563554e-8 



B: 0.390599494004e-12 
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C: 0.312995771257e-l6 -0.592 108763547e-20 

45 -135.93921 -26.306 Si0 2 

46 -499.74670 4.092 

47 -107.66763 43.000 Si0 2 

48 -64.44984 -2.000 

is 49 -66.18404 -30.000 Si0 2 

50 -574.11841 -0.073 
20 51 -114.99848 -29.315 Si0 2 

52 252.71212 -15.000 

53 0.00000 W 



25 



[0063] As shown in Fig. 6, although the effective diameters of some lenses are about 220, the diameters of the other 
lenses are 150 or less, and the distance between the object and the image is 790, whereby a compact optical system 

30 js achieved. Thus, the effective diameter of the lenses and the size of the entire optical system can be reduced, while 
the number of lenses used in this optical system is almost equal to that of the conventional system. 
[0064] Fig. 7 shows the transverse aberration of the catadioptric optical system of the second embodiment, and Fig. 
8 shows the astigmatism and the distortion of the same optical system. As is clear from these figures, spherical aber- 
ration, coma, astigmatism, and distortion are effectively corrected to the extent of almost no aberrations, while a ultra- 

35 violet excimer laser having a short wavelength of 248 nm is used. 

[0065] Figs. 9, 12 and 15 illustrate the lens arrangement of the catadioptric optical systems according to the third, 
fourth and fifth embodiments. In the drawings, the asterisked surfaces are aspheric surfaces. In each embodiment, 
the first focusing lens system A comprises seven lenses L1 through L7 and a concave mirror Mc. A first reflecting 
surface M p1 is positioned between lenses L1 and L2, and lenses L2 through L7 comprise a double path lens system. 

40 In the third and fourth embodiments, the second focusing lens system B comprises seven lenses L8 through L1 4, while, 
in the fifth embodiment, the second focusing lens system B comprises six lenses L8 through L13. Thus, the number 
of lenses used in the optical system of the present invention is relatively small. 

[0066] The parameters that are in common through the third, fourth and fifth embodiments are listed below. 
45 Maximum object height: 52.8; 

Illumination area: rectangle defined by the length d of 45 and the width w of 16 
Focusing magnification: 1/4; 
Maximum numerical aperture on the image side: 0.6; 



50 



[0067] In the third embodiment, the incident surface r31 of the prism, which serves as the second reflecting surface 
M P2 , and the incident surface r36 of lens L9 are aspheric. The former (r31) is used to compensate for the off-axis 
55 aberration, and the latter (r36) is used to compensate for the on-axis aberration. 

[0068] In the fourth embodiment, the incident surface r30 of lens L5 and the incident surface r37 of lens L11 are 
aspheric. The former (r30) is used to compensate for the off-axis aberration, and the latter (r37) is used to compensate 
for the on-axis aberration. 
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[0069] In the fifth embodiment, the incident surface r1 of lens L1 and the incident surface r40 of lens L1 0 are aspheric. 
The former (r1) is used to compensate for the off-axis aberration, and the latter (r40) is used to compensate for the 
on-axis aberration. 

[0070] Tables 3 through 5 list various parameters of the third through fifth embodiments. In the "lens parameter", the 
5 first column (No.) denotes the optical surfaces serially numbered from the reticle R, the second column (r) denotes the 
radius of curvature of each optical surface, the third column (d) denotes the distance to the next optical surface along 
the optical axis, and the fourth column denotes the optical elements used in the optical system. In the third column, 
each time the light flux is reflected by an optical surface, the sign changes. For example, the first negative sign indicate 
the first reflection. 

10 [0071] In the embodiments, all of the lenses and the prisms are made of synthetic quartz (SiO^). 

[0072] The asterisked surfaces in the first column are aspheric surfaces, and the corresponding V values in the 
second column are vertex radius of curvature. The shape of the aspheric surface is expressed as 

2(y) = ; h + v + By6 + Cy8 + Dy1 ° 

1+(1-(1+K)y /r ) 



where y is the height from the optical axis, z is the distance along the optical axis from the nodal plane to the 
aspheric surface, r is the vertex radius of curvature, k is the conic coefficient, and A, B, C and D are aspheric coefficients. 
20 [0073] "ASPHERIC SURFACE DATA" shows the actual values of the conical coefficient k and the aspheric coeffi- 
cients A through D of each aspheric surface. 

[0074] The values h/£ set in equations (1 ) and (2) which define the aspheric surfaces are also listed in each embod- 
iment. 
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TABLE 3 



30 



35 



40 



45 



50 



55 



[MAJOR PARAMETERS] 

Maximum Lens Diameter: 200 

Designated Wavelength: 193.3 nm (ArF Laser Beam) 

Index of Refraction of Si0 2 : 1.56033 

[LENS PARAMETERS] 



No. 


r 


d 




0 


oo 


60.294148 


R 


1 


-1526.67795 


20.000000 


L1 


2 


1449.97750 


62.130010 




3 


280.00112 


30.000000 


L2 


4 


-446.77307 


0.081000 




5 


230.54021 


30.000000 


L3 


6 


550.13665 


58.696803 




7 


-203.01616 


30.000000 


L4 


8 


-214.14255 


12.248489 




9 


-955.77641 


11.809800 


L5 


10 


133.34638 


270.558687 




11 


403.87615 


40.000000 


L6 


12 


-437.12875 


101.737925 




13 


-215.39528 


12.000000 


L7 


14 


639.98880 


31 .071393 




15 


-318.25906 


-31.071393 


Mc 


16 


639.98880 


-12.000000 


L7 


17 


-215.39528 


-101.737925 




18 


-437.12875 


-40.000000 


L6 


19 


403.87615 


-270.558687 




20 


133.34638 


-11.809800 


L5 


21 


-955.77641 


-12.248489 




22 


-214.14255 


-30.000000 


L4 
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TABLE 3 (continued) 
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40 
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42 


-o/y.7o*:47 


QO 0070C0 

-y<d.oy /»o^ 




41 


-151 54107 


-35 000000 


L12 




44 


1059.58854 


-0.100000 






45 


-295.55283 


-15.000000 


L13 




46 


-91.33043 


-3.000000 




30 


47 


-80.70974 


-53.946695 


L14 




48 


772.99694 


-15.000000 






49 


oo 




W 




[ASPHERIC SURFACE DATA] 




35 


No. 31 


K=0.0 


A=-0.1 45731*1 0- 7 


B=-0.199536*10- 12 








C=-0.41 0879*1 0" 17 


D=-0.89341 2*1 0- 22 




No. 36 


K=0.0 


A= 0.923179*10- 8 


B= 0.1 3751 5*1 0" 12 








C= 0.105395*10' 17 


D=-0.577786*10-23 


40 


[CONDITIONAL VALUES] 






No. 31 


h/(J) = 0.247 








No. 36 


h/(|> = 1.06 







45 TABLE 4 



[MAJOR PARAMETERS] 




Maximum Lens Diameter: 203 




Designated Wavelength: 193.3 nm (ArF Laser Beam) 


Index of Refraction of Si0 2 : 1 .56033 




[LENS PARAMETERS] 




No. 


r 


d 




0 


oo 


60.000000 


R 


1 


-135.08483 


20.000000 


L1 


2 


-144.69488 


19.177067 




3 


2682.45981 


30.000000 


L2 
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TABLE 4 (continued) 



5 



w 



15 



20 



25 



30 



35 



45 



50 



55 



Mo 
INO. 


r 


A 
0 




4 


-672.01329 


r\ r\o a ooo 

0.081000 




5 


OHO A A~7 A ~~7 

212.44717 


or* OAOOOO 

30.000000 


L3 


6 


A rtA A A C A f\ 

490.44519 


OCO "7 a ooon 

259.743260 




7 


-219.62863 


oo oooooo 

30.000000 


1 A 

L4 


8 


-131 .45211 


o oooooc 

0.999335 




9 


-129.09721 


11.809800 


L5 


10 


6031 .32857 


a oo 

122.360511 




11 


475.14499 


>is\ ns%s\oo/\ 

40.000000 


L6 


12 


-1 424.45865 


65.677735 




13 


-233.33359 


12.000000 


L7 


14 


8563.54526 


44.093181 




15 


-323.42546 


-44.093181 


Mc 


16 


8563.54521 


-12.000000 


L7 


17 


-233.33359 


-65.677735 




18 


-1424.45865 


-40.000000 


L6 


19 


475.14499 


-122.360511 




20 


6031 .32857 


-11.809800 


L5 


21 


-129.09721 


-0.999335 




22 


-131.45211 


-30.000000 


L4 


23 


-219.62863 


-259.743260 




24 


490.44519 


-30.000000 


L3 


25 


212.44717 


-0.081000 




26 


-672.01329 


-30.000000 


L2 


27 


2682.45981 


-2.000000 




28 


oo 


350.000000 


M P1 


29 


oo 


-127.144770 


M P2 


*30 


1265.63351 


-20.000000 


L8 


31 


408.37355 


-345.780841 




32 


-252.73915 


-39.460139 


L9 


33 


624.67553 


-3.000000 




34 


oo 


-7.000000 


L10 


35 


oo 


|— A AAAAA 

-5.000000 




36 




-5.000000 


AS 


*37 


-395.20617 


-25.000000 


L11 


38 


-961 .87755 


-104.427799 




on 


o-< o onocyf 

-^io.yuyb4 


-OO.UUUUUU 


Lit 


40 


525.59659 


-0.100000 




41 


-191.38031 


-15.000000 


L13 


42 


-55.73158 


-3.000000 




43 


-56.54191 


-63.949341 


L14 


44 


772.99694 


-15.000000 




45 


oo 




W 


[ASPHERIC SURFACE DATA] 




No. 30 


K=0.0 


A= 0.835943* 10" 8 


B= 0.991 936*1 0- 14 






C= 0.1 2221 8*1 0" 18 


D= 0.113066*10- 22 


No.37 


K=0.0 


A= 0.285566*1 0- 7 


B= 0.752392*1 0" 1 * 






C= 0.850071 *10" 17 


D=-0.988694*10"22 


[CONDITIONAL VALUES] 




No. 30 


j hV<|> = 0.806 


I 


I 



17 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 
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TABLE 4 (continued) 



No. 


r 


d 




No. 37 


h/<j> = 0.988 






TABLE 5 



[MAJOR PARAMETERS] 
Maximum Lens Diameter: 186 
Designated Wavelength: 248.4 nm (KrF Laser Beam) 
Index of Refraction of Si0 2 : 1 .50839 
[LENS PARAMETERS] 



NO. 


r 


d 




0 


oo 


61.584337 


R 


*1 


226.39961 


10.935000 


L1 


2 


133.58099 


65.542159 




3 


1169.30409 


30.000000 


L2 


4 


-551.89220 


0.081000 




5 


361.25428 


30.000000 


L3 


6 


-5943.81418 


0.100000 




7 


225.16771 


30.000000 


L4 


8 


682.33656 


61.389241 




9 


-507.86321 


11.809800 


L5 


10 


183.65506 


185.393182 




11 


301.09677 


40.000000 


L6 


12 


-378.84696 


203.117577 




13 


-110.24174 


12.000000 


L7 


14 


-747.82409 


20.000000 




15 


-267.35110 


-20.000000 


Mc 


16 


-747.82409 


-12.000000 


L7 


17 


-110.24174 


-203.117577 




18 


-378.84696 


-40.000000 


L6 


19 


301.09677 


-185.393182 




20 


183.65506 


-11.809800 


L5 


21 


-507.86321 


-61.389241 




22 


682.33556 


-30.000000 


L4 


23 


225.16771 


-0.100000 




24 


-5943.81418 


-30.000000 


L3 


25 


361.25428 


-0.081000 




26 


-551.89220 


-30.000000 


L2 


27 


1169.30409 


-2.000000 




28 


oo 


0.000000 


P1 


29 


oo 


75.000000 


P1 M P1 


30 


oo 


100.000000 




31 


oo 


75.000000 


P2 


32 


oo 


-20.000000 


P2 M P2 


33 


oo 


-315.366289 




34 


-231.46059 


-30.000000 


L8 


35 


1966.65571 


-84.633711 




36 


oo 


-7.000000 


L9 


37 


oo 


-5.000000 




38 




-5.000000 


AS 
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TABLE 5 (continued) 



w 



15 



20 



No. 


x 


d 






-1^Q RDP77 




I 10 






0\J. / JUUU9 




41 


-109.21668 


-35.000000 


L11 


42 


1305.58094 


-0.100000 




43 


-105.84460 


-15.000000 


L12 


44 


-80.65665 


-3.000000 




45 


-100.21210 


-58.387047 


L13 


46 


772.99694 


-15.000000 




47 


oo 




W 


[ASPHERIC SURFACE 


DATA] 




No. 1 


tc=0.0 


A=0. 11 5668*10- 6 


B=-0.1 22080*1 0" 11 






C= 0.111312*10" 15 


D=-0.863596*10- 20 


No.40 


K=0.0 


A=-0.568027*10- 7 


B=-0. 12051 8*1 0- 11 






C=-0.559783*10- 1 6 


D=-0.842298*10' 21 


[CONDITIONAL VALUES] 




No.1 


h/<|> = 0.131 






No. 40 


h/<(> = 0.928 
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30 



35 



40 



[0075] Fig. 10 shows the spherical aberration, the astigmatism, and the distortion arising in the third embodiment, 
and Fig. 11 shows the transverse aberration of the third embodiment. Similarly, Figs. 13 and 14 show the same aber- 
rations in the fourth embodiment, and Figs. 16 and 17 show the same aberrations in the fifth embodiment. In the 
aberration diagrams, NA denotes the numerical aperture on the image side, and Y denotes the image height. In the 
astigmatism, the solid line indicates the sagittal image plane, and the dashed line indicates the meridian image plane. 
As it is clear from these aberration diagrams, the optical system of each embodiment exhibits a superior image quality. 
[0076] In the present invention, the optical surface in which the height of the beam emitted from the object has a 
close relation with the beam height that intersects with this surfaces, is made aspheric, whereby the off-axis aberrations, 
including distortion, are compensated without affecting the on-axis aberrations, such as spherical aberration. In addi- 
tion, the optical surface, in which the numerical aperture of the beam emitted from the object has a close relation with 
the beam height that passes through this surface, is made aspheric, whereby the on-axis aberrations, including spher- 
ical aberration, are compensated without affecting the off-axis aberrations, such as distortion. 
[0077] In this arrangement, the problems in the conventional catadioptric optical system are eliminated, and a com- 
pact and high-quality optical system can be provided with a reduced number of lenses. 

[0078] Although the invention has been described by way of exemplary embodiments, it should be understood that 
many changes and substitutions may be made by those skilled in the art without departing from the scope of the 
invention which is defined only by the appended claims. 



Claims 

1 . A catadioptric optical system comprising: 

a first focusing lens system (A) including a concave mirror (M 1f M c ), for forming an intermediate image of a 
first plane (R) ; 

a second focusing lens system (B) including an aperture stop (AS, S) consisting of a diaphragm with the radius 
0, for forming a refocused image of said intermediate image onto a second plane (W); 
a reflecting surface (M 2 , M 3 ; M P1 , M P2 ) for guiding a light flux from the first focusing lens system (A) to the 
second focusing lens system (B); 

characterized in 

that at least one of lens surfaces (P, Q) satisfy the condition: 
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h/o < 0.85 



(D 



and at least one of lens surfaces (P, Q) satisfy the condition: 

5 

0.85 <h/o< 1.2 (2) 



where h is a height at the lens surface of a light beam emitting from an intersection of an optical axis (Z) with the 
10 first plane (R) and passing through the lens surfaces (P, Q) with a maximum numerical aperture; and 

that at least one of the lens surfaces (P, Q) that satisfy the condition (1) and at least one of the lens surfaces (P, 
Q) that satisfy the condition (2) are aspheric. 

2. The catadioptric optical system according to claim 1 , characterized in that at least one of the lens surfaces (P, 
15 Q) that satisfy the condition (1) includes a first aspheric element (P) placed adjacent to the plane in which the 

intermediate image is formed; and 

a second aspheric element (Q) is placed adjacent to the concave mirror (M 1f M c ). 

3. The catadioptric optical system according to claim 1 , characterized in that at least one lens is positioned between 
20 the reflecting surface (M 2 ; M 3 ; M p1 ; M p2 ;) and the concave mirror (M v M c ), for passing light flux advancing toward 

the concave mirror (M^ M c ) along a forward path and light flux reflected from the concave mirror (M 1f M c ) along 
a return path. 

4. The catadioptric optical system according to any of the previous claims, characterized in that a second reflecting 
25 (M 3 ; M p2 ) surface between said reflecting surface (M 2 ; M p1 ) and the aperture stop (AS; S) is provided so that the 

first plane (R) and the second plane (W) become parallel to each other. 

5. The catadioptric optical system according to any of the previous claims, characterized in that the aspheric lens 
surface under the condition (1) is located within two surfaces from the intermediate image, and the aspheric lens 

30 surface under the condition (2) is located within four surfaces from the aperture stop. 

6. The catadioptric optical system according to any of the previous claims, characterized in that the aspheric lens 
surface (P, Q) under the condition (2) includes the concave mirror (M 1( M c ). 

35 7. The catadioptric optical system according to any of the previous claims, characterized in that the first focusing 
lens (A) system comprises a one-way lens system for passing only a forward light beam which is being incidental 
to the concave mirror (M 1( MJ, and a double-path lens system for passing both the forward light beam incidental 
to the concave mirror (M 1p M c ) and a return light beam reflected by the concave mirror (M^ M c ). 

40 8. The catadioptric optical system according to any of the previous claims, characterized in that the one-way lens 
system has a negative refractive power. 

9. The catadioptric optical system according to claim 5, characterized in that the aspheric lens surface (P, Q) under 
the condition (1 ) is formed on a plane surface and the aspheric lens surface (P, Q) under the condition (2) is formed 

45 on a plane surface. 

10. The catadioptric optical system according to claim 5, characterized in that the aspheric lens surface (P, Q) under 
the condition (1) is formed on a surface of a plane-parallel plate and the aspheric lens surface (P, Q) under the 
condition (2) is formed on a surface of a plane-parallel plate. 

50 

1 1 . The catadioptric optical system according to any of the previous claims characterized in that said reflecting surface 
(M 2 ; is placed in vicinity of the plane on which the intermediate image is formed, in order to deflect an optical 
path. 

55 12. The catadioptric optical system according to claim 1 1 , characterized in that a second reflecting surface (M 3 ; M p2 ) 
is placed between the reflecting surface (M 2 ; M P1 ) and the second focusing lens system (B) in order to deflect the 
optical path, and the first plane (R) and the second plane (W) are arranged parallel to each other. 
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13. The catadioptric optical system according to claim 5, characterized in that the aspheric lens surface (P, Q) under 
the condition (1 ) is a prism, and the aspheric lens surface (P, Q) under the condition (2) is formed on a surface of 
a plane-parallel plate. 

5 14. The catadioptric optical system according to any of the claims, characterized in that the aspheric lens surface 
(P, Q) under the condition (1), is rotationally symmetric, and the aspheric lens surface (P, Q) under the condition 
(2), is rotationally symmetric. 

1 5. The catadioptric optical system according to any of the claims 1-13, characterized in that the aspheric lens surface 
10 (P, Q) under the condition (1), is asymmetric, and the aspheric lens surface (P, Q) under the condition (2), is 

rotationally symmetric. 

16. The catadioptric optical system according to any of the claims 1-13 and 15, characterized in that the aspheric 
lens surface (P, Q) under the condition (1) is toric, and the aspheric lens surface (P, Q) under the condition (2) is 

15 rotationally symmetric. 

17. A projection-optical system comprising: 

a reticle having a pattern; and 
20 a substrate 

characterized in that the pattern of the reticle is transferred on the substrate through the catadioptric optical 
system according to any of the previous claims. 

25 

Patentanspruche 

1. Katadioptrische Optik, folgendes umfassend: 

30 ein erstes Fokussierlinsensystem (A) mit einem Konkavspiegel (M 1( M c ), zur Bildung einer Zwischenabbildung 

einer ersten Ebene (R); 

ein zweites Fokussierlinsensystem (B) mit einem Aperturstop (AS, S), bestehend aus einer Blende 
mit dem Radius 0, zur Bildung einer auf eine zweite Ebene (W) refokussierten Abbildung der Zwischenabbil- 
dung; 

35 eine reflektierende Oberflache (M 2 , M 3 ; M P1 , M P2 ) zum Leiten eines Lichtflusses vom ersten Fokussierlinsen- 

system (A) zum zweiten Fokussierlinsensystem (B); 

dadurch gekennzeichnet, 

dass zumindest eine der Linsenoberflachen (P, Q) die Bedingung: 

h/0<O,85 (1) 
erfullt, und dass zumindest eine der Linsenoberflachen (P, Q) die Bedingung: 

0,85 <h/0< 1,2 (2) 
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erfullt, wobei h eine Hone, an der Linsenoberflache, eines von einem Schnittpunkt einer optischen Achse (Z) mit 
so der ersten Ebene (R) abgestrahlten und durch die Linsenoberflachen (P, Q) mit einer maximalen numerischen 

Apertur verlaufenden Lichtstrahles ist; und 

dass zumindest eine der Linsenoberflachen (P, Q), die die Bedingung (1) erfullen, und zumindest eine der Lin- 
senoberflachen (P, Q), die die Bedingung (2) erfullen, aspharisch ist. 

55 2. Katadioptrische Optik nach Anspruch 1 , dadurch gekennzeichnet, dass zumindest eine der Linsenoberflachen 
(P, Q), die die Bedingung (1) erfullen, ein erstes aspharisches Element (P) aufweist, welches in der Nahe der 
Ebene angeordnet ist, in der die Zwischenabbildung gebildet wird; und 
ein zweites aspharisches Element (Q) in der Nahe des Konkavspiegels (M 1f angeordnet ist. 
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3. Katadioptrische Optik nach Anspruch 1 , dadurch gekennzeichnet, dass zumindest eine Linse zwischen der re- 
flektierenden Oberflache (M 2 ; M 3 ; M P1 , M P2 ) und dem Konkavspiegel (M 1p angeordnet ist, urn einen sich auf 
den Konkavspiegel (M 1t M c ) zu bewegenden Lichtstrahl entlang einem vorwarts gerichteten Strahlweg zu leiten, 
und einen vom Konkavspiegel (M 1f ivy reflektierten Lichtfluss entlang einem zuruckgerichteten Strahlweg zu lei- 
ten. 

4. Katadioptrische Optik nach einem der voranstehenden Anspruche, dadurch gekennzeichnet, dass eine zweite 
reflektierende (M 3 ; M^) Oberflache zwischen der reflektierenden (M 2 ; M P1 ) Oberflache und dem Aperturstop (AS; 
S) vorgesehen ist, so dass die erste Ebene (R) und die zweite Ebene (W) parallel zueinander werden, 

5. Katadioptrische Optik nach einem der voranstehenden Anspruche, dadurch gekennzeichnet, dass sich die 
aspharische Linsenoberflache gemaB Bedingung (1) innerhalb zweier Oberflachen von der Zwischenabbildung 
entfernt befindet, und sich die aspharische Linsenoberflache gemaB Bedingung (2) innerhalb von vier Oberflachen 
vom Aperturstop entfernt befindet. 

6. Katadioptrische Optik nach einem der voranstehenden Anspruche, dadurch gekennzeichnet, dass die asphari- 
sche Linsenoberflache (P, Q) gemaB Bedingung (2) den Konkavspiegel (M^ M c ) einschlieBt. 

7. Katadioptrische Optik nach einem der voranstehenden Anspruche, dadurch gekennzeichnet, dass das erste 
Fokussierlinsensystem (A) ein Einweg-Linsensystem umfasst, urn nur einen vorwarts gerichteten Lichtstrahl, der 
auf den Konkavspiegel (M 1f MJ fallt, durchzulassen, sowie ein doppelgangiges Linsensystem zum Durchlassen 
sowohl des vorwarts gerichteten, auf den Konkavspiegel (M 1f M c ) fallenden Lichtstrahls als auch eines zurGck- 
kehrenden Lichtstrahls, der vom Konkavspiegel (M 1f Ivy reflektiert wird. 

8. Katadioptrische Optik nach einem der voranstehenden Anspruche, dadurch gekennzeichnet, dass das Einweg- 
Linsensystem negative Brechkraft hat. 

9. Katadioptrische Optik nach Anspruch 5, dadurch gekennzeichnet, dass die aspharische Linsenoberflache (P, 
Q) gemaB Bedingung (1) auf einer ebenen Oberflache gebildet ist und die aspharische Linsenoberflache (P, Q) 
gemaB Bedingung (2) auf einer ebenen Oberflache gebildet ist. 

10. Katadioptrische Optik nach Anspruch 5, dadurch gekennzeichnet, dass die aspharische Linsenoberflache (P, 
Q) gemaB Bedingung (1) auf einer Oberflache einer planparallelen Platte gebildet ist und die aspharische Linsen- 
oberflache (P, Q) gemaB Bedingung (2) auf einer Oberflache einer planparallelen Platte gebildet ist. 

1 1 . Katadioptrische Optik nach einem der voranstehenden Anspruche, dadurch gekennzeichnet, dass die reflektie- 
rende Oberflache (M 2 ; in der Nahe der Ebene angeordnet ist, auf der die Zwischenabbildung entsteht, urn 
einen Lichtweg abzutenken. 

12. Katadioptrische Optik nach Anspruch 11, dadurch gekennzeichnet, dass eine zweite reflektierende Oberflache 
(M 3 ; M P2 ) zwischen der reflektierenden Oberflache (M 2 ; M P1 ) und dem zweiten Fokussierlinsensystem (B) ange- 
ordnet ist, urn den Lichtweg abzulenken, und die erste Ebene (R) und die zweite Ebene (W) parallel zueinander 
angeordnet sind. 

13. Katadioptrische Optik nach Anspruch 5, dadurch gekennzeichnet, dass es sich bei der aspharischen Linsen- 
oberflache (P, Q) gemaB Bedingung (1) urn ein Prisma handelt, und die aspharische Linsenoberflache (P, Q) 
gemaB Bedingung (2) auf einer Oberflache einer planparallelen Platte gebildet ist. 

14. Katadioptrische Optik nach einem der voranstehenden Anspruche, dadurch gekennzeichnet, dass die asphari- 
sche Linsenoberflache (P, Q) gemaB Bedingung (1) rotationssymmetrisch ist, und die aspharische Linsenoberfla- 
che (P, Q) gemaB Bedingung (2) ebenfalls rotationssymmetrisch ist. 

15. Katadioptrische Optik nach den Anspruchen 1 bis 13, dadurch gekennzeichnet, dass die aspharische Linsen- 
oberflache (P, Q) gemaB Bedingung (1) asymmetrisch ist, und die aspharische Linsenoberflache (P, Q) gemaB 
Bedingung (2) rotationssymmetrisch ist. 

16. Katadioptrische Optik nach den Anspruchen 1 bis 13 und 15, dadurch gekennzeichnet, dass die aspharische 
Linsenoberflache (P, Q) gemaB Bedingung (1) torisch ist, und die aspharische Linsenoberflache (P, Q) gemaB 
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Bedingung (2) rotationssymmetrisch ist. 

17. Projektions-Optik, folgendes umfassend: 

eine Strichplatte mit einem Muster; und 

ein Substrat, dadurch gekennzeichnet, dass 

das Muster der Strichplatte von der katadioptrischen Optik nach einem der voranstehenden Anspruche auf 
das Substrat ubertragen wird. 



Revendications 

1 . Systeme optique catadioptrique comprenant : 

un premier systeme de lentilles focalisateur (A) comprenant un miroir concave (M^ M c ), pour former une 
image intermediate d'un premier plan (R) ; 

un second systfcme de lentilles focalisateur (B) comprenant un diaphragme d'ouverture (AS, S) consistant en 
un diaphragme de rayon 0, pour former une image refocalisSe de ladite image interm§diaire sur un second 
plan (W) ; 

une surface r6fl6chissante (M 2 , M 3 ; M P1 , M P2 ) pour guider un flux lumineux du premier systeme de lentilles 
focalisateur (A) au second syst&me de lentilles focalisateur (B) ; 

caracterise 

en ce qu'au moins une des surfaces de lentilles (P, Q) vgrifie la condition : 



ou h est une hauteur, au niveau de la surface de lentille, d'un faisceau lumineux 6mis d'une intersection d'un axe 
optique (Z) avec le premier plan (R) et traversant les surfaces de lentilles (P, Q) avec une ouverture numSrique 
maximale ; et 

en ce qu'au moins une des surfaces de lentilles (P, Q) qui v6rifient la condition (1) et au moins une des surfaces 
de lentilles (P, Q) qui vSrifient la condition (2) sont asphSriques. 

2. Syst&me optique catadioptrique selon la revendication 1 , caracterise en ce qu'au moins une des surfaces de 
lentilles (P, Q) qui v6rifient la condition (1 ) comprend un premier Element asphSrique (P) plac§ en position adjacente 
au plan dans lequel est form6e I'image intermediate ; et un second Element asphSrique (Q) est plac6 en position 
adjacente au miroir concave (M^ M c ). 

3. Systeme optique catadioptrique selon la revendication 1 , caracterise en ce qu'au moins une lentille est placSe 
entre la surface r6f!6chissante (M 2 ; M 3 ; M P1 ; Mp2) et le miroirconcave (M v MJ, pour faire passer un flux lumineux 
avangant vers le miroirconcave (M^ M c ) le long d'un chemin d'aller et unflux lumineux r6fl6chi par le miroirconcave 
(M 1f M c ) le long d'un chemin de retour. 

4. Syst&me optique catadioptrique selon I'une quelconque des revendications pr£c£dentes, caracterise en ce 
qu'une seconde surface r6fl§chissante (M 3 ; M P2 ) est dispos6e entre ladite surface r6f!6chissante (M 2 ; M P1 ) et 
le diaphragme d'ouverture (AS ; S) de sorte que le premier plan (R) et le second plan (W) soient parall&les entre eux. 

5. Syst&me optique catadioptrique selon I'une quelconque des revendications pr£c£dentes, caracterise en ce que 
la surface de lentille asphSrique vSrifiant la condition (1) est situ6e dans la limite de deux surfaces k partir de 
I'image interm6diaire, et la surface de lentille asph£rique v<§rif iant la condition (2) est situ6e dans la limite de quatre 
surfaces k partir du diaphragme d'ouverture. 



h/o < 0,85 



(D 



et au moins une des surfaces de lentilles (P, Q) v^rifie la condition : 



0,85 <h/0< 1,2 



(2) 
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6. Systeme optique catadioptrique selon Tune quelconque des revendications precedentes, caracterise en ce que 
la surface de lentille aspherique (R Q) verifiant la condition (2) comprend le miroir concave (M 1t M c ). 

7. Systeme optique catadioptrique selon Tune quelconque des revendications precedentes, caracterise en ce que 
5 le premier systeme de lentilles focalisateur (A) comprend un systeme de lentilles unidirectionnel pour faire passer 

uniquement un faisceau lumineux d'aller qui va frapper le miroir concave (M 1t M c ), et un systeme de lentilles k 
double chemin pour faire passer a la fois le faisceau lumineux d'aller qui va frapper le miroir concave (M 1t M c ) et 
un faisceau lumineux de retour qui est r6flechi par le miroir concave (M 1f M c ). 

10 8. Systeme optique catadioptrique selon Tune quelconque des revendications precedentes, caracterise en ce que 
le systeme de lentilles unidirectionnel a une vergence negative. 

9. Systeme optique catadioptrique selon la revendication 5, caracterise en ce que la surface de lentille aspherique 
(P, Q) verifiant la condition (1) est formee sur une surface plane et la surface de lentille aspherique (P, Q) verifiant 

15 la condition (2) est formee sur une surface plane. 

10. Systeme optique catadioptrique selon la revendication 5, caracterise en ce que la surface de lentille aspherique 
(P, Q) verifiant la condition (1 ) est formee sur une surface d'une plaque a faces paralleles et la surface de lentille 
aspherique (P, Q) verifiant la condition (2) est formee sur une surface d'une plaque a faces paralleles. 

20 

11. Systeme optique catadioptrique selon I'une quelconque des revendications precedentes, caracterise en ce que 
ladite surface reflechissante (M 2 ; est placee au voisinage du plan sur lequel est formed I'image intermediate, 
afin de d6vier un chemin optique. 

25 12. Systeme optique catadioptrique selon la revendication 11, caracterise en ce qu'une seconde surface reflechis- 
sante (M 3 ; M P2 ) est placee entre la surface reflechissante (M 2 ; M P1 ) et le second systeme de lentilles focalisateur 
(B) afin de devier le chemin optique, et le premier plan (R) et le second plan (W) sont agences parallelement entre 
eux. 

30 13. Systeme optique catadioptrique selon la revendication 5, caracterise en ce que la surface de lentille aspherique 
(P, Q) verifiant la condition (1) est un prisme, et ia surface de lentille aspherique (P, Q) verifiant la condition (2) est 
formee sur une surface d'une plaque k faces paralleles. 

14. Systeme optique catadioptrique selon I'une quelconque des revendications precedentes, caracterise en ce que 
35 la surface de lentille aspherique (P, Q) verifiant la condition (1 ) est k symetrie de revolution, et la surface de lentille 

aspherique (P, Q) verifiant la condition (2) est k symetrie de revolution. 

15. Systeme optique catadioptrique selon I'une quelconque des revendications 1 a 13, caracterise en ce que la 
surface de lentille aspherique (P, Q) verifiant la condition (1) est asymetrique, et la surface de lentille aspherique 

*o (p, Q) verifiant la condition (2) est a symetrie de revolution. 

16. Systeme optique catadioptrique selon I'une quelconque des revendications 1 a 13 et 15, caracterise en ce que 
ia surface de lentille aspherique (P, Q) verifiant la condition (1) est torique, et la surface de lentille aspherique (P, 
Q) verifiant la condition (2) est k symetrie de revolution. 
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17. Systeme optique de projection, comprenant : 

un reticule ayant un motif ; et 
un substrat, 

caracterise en ce que le motif du reticule est transfer sur le substrat a travers le systeme optique catadioptrique 
selon I'une quelconque des revendications precedentes. 
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Fig. 6 
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